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HistoryHistory

First recorded history in Chinese archives of First recorded history in Chinese archives of 
1212thth centurycentury
DaDa VinciVinci’’s sketches in 1514s sketches in 1514
FausteFauste VeranzioVeranzio claims to have jumped from claims to have jumped from 
tower in 1595tower in 1595
Jean Pierre Blanchard emergency use of Jean Pierre Blanchard emergency use of 
parachute in 1784parachute in 1784
Military interest begins c1920Military interest begins c1920
Parachute delivery of troops and equipment Parachute delivery of troops and equipment 
by Germany and Russia by 1930by Germany and Russia by 1930
High speed parachutes developed since 1930High speed parachutes developed since 1930
Parafoils introduced in 1970Parafoils introduced in 1970’’ss
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ParachuteParachute -- 1) a folding umbrella1) a folding umbrella--shaped device of shaped device of 
light fabric used esp. for making a safe descent from light fabric used esp. for making a safe descent from 
an airplane, 2) PATAGIUM, 3) a device suggestive of an airplane, 2) PATAGIUM, 3) a device suggestive of 
a parachute in form, use, or operation. a parachute in form, use, or operation. 
Pilot ParachutePilot Parachute -- a small parachute which is a small parachute which is 
attached to a deployment  bag or the vent of a larger attached to a deployment  bag or the vent of a larger 
parachute and is used to provide the force required parachute and is used to provide the force required 
to deploy a larger parachute.to deploy a larger parachute.
Drogue ParachuteDrogue Parachute -- a parachute which is attached a parachute which is attached 
to the payload and is used to provide stabilization or to the payload and is used to provide stabilization or 
initial deceleration or both.  Usually implies a larger initial deceleration or both.  Usually implies a larger 
parachute will be deployed later in the event parachute will be deployed later in the event 
sequence.  Frequently used as the pilot parachute for sequence.  Frequently used as the pilot parachute for 
the main parachute.the main parachute.

DefinitionsDefinitions
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Deployment Deployment 
BagBag -- a textile a textile 
container for a container for a 
parachute from parachute from 
which the which the 
parachute parachute 
deploys.deploys.

Definitions (continued)Definitions (continued)
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Definitions (continued)Definitions (continued)

RiserRiser -- a line connecting a parachute to its a line connecting a parachute to its 
payload.  May utilize a single or multipayload.  May utilize a single or multi--point point 
attachment scheme.  (In some applications attachment scheme.  (In some applications 
referred to as a Tow Line.)referred to as a Tow Line.)
BridleBridle -- a means of providing a multia means of providing a multi--point point 
connection to a deployment bag or vehicle connection to a deployment bag or vehicle 
from a parachute or riser.  (On a from a parachute or riser.  (On a 
deployment bag sometimes called deployment bag sometimes called ““bag bag 
handleshandles””.).)
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Definitions (continued)Definitions (continued)

CanopyCanopy -- the major drag the major drag 
producing element of the producing element of the 
parachute.parachute.
VentVent -- open region at apex of open region at apex of 
canopy. canopy. 
Suspension LinesSuspension Lines -- load load 
bearing members extending from bearing members extending from 
the canopy to the payload.the canopy to the payload.
RadialsRadials -- load bearing member load bearing member 
running from the suspension running from the suspension 
lines at the skirt to the vent lines. lines at the skirt to the vent lines. 
GoreGore -- section of a parachute section of a parachute 
canopy between two radials.  canopy between two radials.  
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Definitions (continued)Definitions (continued)

Line StretchLine Stretch -- when all bridles, risers, and when all bridles, risers, and 
suspension lines are suspension lines are ““straightstraight”” between the between the 
payload and the deployment bag and the payload and the deployment bag and the 
skirt of the parachute is beginning to be skirt of the parachute is beginning to be 
accelerated to the payload velocity.accelerated to the payload velocity.
Canopy StretchCanopy Stretch -- when the canopy is when the canopy is 
stretched straight behind the vehicle and stretched straight behind the vehicle and 
ready to start the deployment process.  ready to start the deployment process.  
(Occurs after line stretch.)(Occurs after line stretch.)
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Definitions (continued)Definitions (continued)

Snatch ForceSnatch Force -- the force the force 
required to accelerate a required to accelerate a 
concentrated mass in a concentrated mass in a 
parachute system (e.g. the parachute system (e.g. the 
skirt mass) to payload skirt mass) to payload 
velocity.velocity.
Opening ForceOpening Force -- the the 
maximum drag force maximum drag force 
developed by the parachute developed by the parachute 
during the inflation process.during the inflation process.
OverOver--inflationinflation -- The period The period 
in inflation where the canopy in inflation where the canopy 
inflates to larger than its inflates to larger than its 
quasiquasi--steady full open shape steady full open shape 
to the dynamics of the to the dynamics of the 
opening process.opening process.
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Definitions (continued)Definitions (continued)

Infinite Mass Inflation Infinite Mass Inflation 
(Wind Tunnel)(Wind Tunnel)

Finite Mass Inflation Finite Mass Inflation 
(Most Real (Most Real 
Applications)Applications)
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Definitions (continued)Definitions (continued)

Wake ReWake Re--contactcontact -- a phenomenon a phenomenon 
encountered when parachutes produce very encountered when parachutes produce very 
rapid decelerations of payloads allowing the rapid decelerations of payloads allowing the 
previously generated wake of air to overrun previously generated wake of air to overrun 
the inflated parachute thereby temporarily the inflated parachute thereby temporarily 
collapsing the canopy and reducing the drag collapsing the canopy and reducing the drag 
to some degree.to some degree.
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Example of Wake ReExample of Wake Re--contactcontact
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Definitions (continued)Definitions (continued)

FullnessFullness -- the addition of material in an area to the addition of material in an area to 
reduce the stresses in the material either by reduce the stresses in the material either by 
reducing the radius of curvature on a pressure reducing the radius of curvature on a pressure 
loaded member or by directing load elsewhere loaded member or by directing load elsewhere 
in a tension member.in a tension member.
StagingStaging -- Event where a parachute (typically a Event where a parachute (typically a 
drogue parachute) is released from the payload.  drogue parachute) is released from the payload.  
Most often another parachute is deployed Most often another parachute is deployed 
shortly thereafter.shortly thereafter.
ReefingReefing -- a process by which the canopy is a process by which the canopy is 
restricted from taking its full open shape and restricted from taking its full open shape and 
used to tailor the drag profile and hence load used to tailor the drag profile and hence load 
history produced by the parachute.  (Term history produced by the parachute.  (Term 
derived from a similar process used on sails on derived from a similar process used on sails on 
boats.)boats.)
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Definitions (continued)Definitions (continued)

Drogue GunDrogue Gun -- a a 
deployment device used to deployment device used to 
fire a projectile at high fire a projectile at high 
velocities from the payload.  velocities from the payload.  
A riser connecting the A riser connecting the 
projectile to a parachute projectile to a parachute 
forces the deployment to forces the deployment to 
begin. begin. 
Tractor RocketTractor Rocket -- a a 
deployment device used to deployment device used to 
drag the parachute system drag the parachute system 
out of the payload and out of the payload and 
deploy it into the deploy it into the airstreamairstream..
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Definitions (continued)Definitions (continued)

Reefing CutterReefing Cutter -- an an 
ordinance device used ordinance device used 
to release a parachute to release a parachute 
from a reefed state at from a reefed state at 
the desired time.the desired time.
MortarMortar -- a deployment a deployment 
device used to eject a device used to eject a 
packed parachute from packed parachute from 
the payload as one the payload as one 
mass thereby beginning mass thereby beginning 
the deployment the deployment 
process.process.
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Canopy Inflation ProcessCanopy Inflation Process
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Inflation Sequence NomenclatureInflation Sequence Nomenclature
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Drag Area (Drag Area (CCDDSS))

Product of a drag coefficient (Product of a drag coefficient (CCDD) and a ) and a 
reference area (reference area (SS))
Dimensions are ftDimensions are ft22, m, m22, acres, etc., acres, etc.
Characterizes the drag properties of the Characterizes the drag properties of the 
parachuteparachute
With gravity, air density and vehicle velocity With gravity, air density and vehicle velocity 
determines the trajectory of a parachute determines the trajectory of a parachute 
retarded vehicleretarded vehicle
Can be shown as Can be shown as CCDDS, CS, CDDOOSSOO, (C, (CDDS)S)OO
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Where do I get Where do I get CCDDSS ??

CalculationCalculation
Drag coefficient Drag coefficient -- from a manual, empirical data, from a manual, empirical data, 
or from prior experienceor from prior experience
Area Area -- Typically that necessary to meet Typically that necessary to meet 
requirementsrequirements

OROR

MeasurementMeasurement
Matching theoretical trajectory with experimental Matching theoretical trajectory with experimental 
datadata
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Drag Areas / CoefficientsDrag Areas / Coefficients

SSOO nominal area nominal area -- is defined as the surface area of is defined as the surface area of 
the canopy including the vent and any other the canopy including the vent and any other 
openings in canopy.openings in canopy.
DDOO nominal diameter nominal diameter -- is defined as the diameter of a is defined as the diameter of a 
circle whose area is Scircle whose area is SOO::

SSPP projected area projected area -- is defined as the projected frontal is defined as the projected frontal 
area of a  parachute in its inflated shape.area of a  parachute in its inflated shape.
DDPP –– projected diameter is defined as the diameter of projected diameter is defined as the diameter of 
a circle whose area is Sa circle whose area is SPP..
DDCC is defined as the is defined as the ““constructed diameterconstructed diameter”” of the of the 
parachute (typically the diameter at the skirt).parachute (typically the diameter at the skirt).

π
O

O
SD 4

=
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DDCC versus Dversus DOO

For flat circular parachutes, DFor flat circular parachutes, DCC and Dand DOO are the same.are the same.

For simple construction, nonFor simple construction, non--flat parachutes, it is flat parachutes, it is 
common to base the Ccommon to base the CDD on the surface area (Son the surface area (SOO).).

Easier to compare the drag efficiency since, normally, the Easier to compare the drag efficiency since, normally, the 
amount of material in the drag surface is a design constraint amount of material in the drag surface is a design constraint 
(weight and volume).(weight and volume).

Parachutes of complex geometry are generally Parachutes of complex geometry are generally 
spoken of solely in terms of Dspoken of solely in terms of DCC..
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ConstructionConstruction
SolidSolid
SlottedSlotted

Flight CharacteristicsFlight Characteristics
BallisticBallistic
RotatingRotating
ManeuverableManeuverable

Flight EnvelopeFlight Envelope
SubsonicSubsonic
TransonicTransonic
SupersonicSupersonic
HypersonicHypersonic

Decelerator TypesDecelerator Types
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Solid ParachutesSolid Parachutes
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Solid Parachutes Solid Parachutes (continued)(continued)



VorticityVorticity ©J.S. Lingard 2005

Solid Parachute Solid Parachute -- Flat CircularFlat Circular

(Bias Construction shown)
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Solid Parachute Solid Parachute -- Flat CircularFlat Circular
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Solid Parachute Solid Parachute -- Extended SkirtExtended Skirt
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Solid Parachute Solid Parachute -- Guide SurfaceGuide Surface

RiblessRibless
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Solid Parachute Solid Parachute -- CrossCross
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Slotted ParachutesSlotted Parachutes
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Slotted Parachutes Slotted Parachutes -- RingslotRingslot
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Slotted Parachutes Slotted Parachutes -- RingsailRingsail
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Slotted Parachutes Slotted Parachutes -- RibbonRibbon
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Canopy ShapesCanopy Shapes

FlatFlat
ConicalConical
PolyconicalPolyconical
HemisphericalHemispherical
QuarterQuarter--sphericalspherical
DiskDisk--GapGap--Band (DGB)Band (DGB)
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Flat vs. ConicalFlat vs. Conical
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DDCC versus Dversus DOO

For conical parachutesFor conical parachutes

For 10For 10°° conical parachute:conical parachute:
DDOO = 1.008 D= 1.008 DCC

For 20For 20°° conical parachute:conical parachute:
DDOO = 1.03 D= 1.03 DCC

For 30For 30°° conical parachute:conical parachute:
DDOO = 1.07 D= 1.07 DCC
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PolyconicalPolyconical
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Hemispherical / Quarter spherical Hemispherical / Quarter spherical 

DC/2DC/2 D/4

60o D/2

D/4D/4

60o60o D/2D/2
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Disk/Gap/Band (DGB)Disk/Gap/Band (DGB)
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Rotating ParachutesRotating Parachutes
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Maneuverable ParachutesManeuverable Parachutes
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Manoeuvrable ChutesManoeuvrable Chutes

Derry SlotDerry Slot
T & U SlotT & U Slot
TOJOTOJO
All use some sort of All use some sort of 
slots and holes to direct slots and holes to direct 
the parachute in specific the parachute in specific 
direction.direction.
Glide Ratios 0.5 Glide Ratios 0.5 -- 0.70.7
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Man. Chutes Man. Chutes -- High Glide (Cont.)High Glide (Cont.)

ParafoilParafoil
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Supersonic DeceleratorsSupersonic Decelerators

Conical RibbonConical Ribbon
HemisfloHemisflo
SupersonicSupersonic--XX
HyperfloHyperflo
BalluteBallute

Will be discussed in supersonic parachutes Will be discussed in supersonic parachutes 
lecture lecture 
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Reference MaterialReference Material

T. W. T. W. KnackeKnacke, , Parachute Recovery Systems Design Parachute Recovery Systems Design 
ManualManual, NWC TP6575, Naval Weapons Center, China , NWC TP6575, Naval Weapons Center, China 
Lake, CA, Distributed by ParaLake, CA, Distributed by Para--Publishing, P.O. Box Publishing, P.O. Box 
4232, Santa Barbara, CA  913404232, Santa Barbara, CA  91340--4232.4232.
D. J. Cockrell, D. J. Cockrell, The Aerodynamics of ParachutesThe Aerodynamics of Parachutes, , 
AGARDographAGARDograph No. 6295.No. 6295.
R. C. R. C. MaydewMaydew and C. W. Peterson, and C. W. Peterson, Design and Design and 
Testing of HighTesting of High--Performance ParachutesPerformance Parachutes, , 
AGARDographAGARDograph 319.319.
Recovery Systems Design GuideRecovery Systems Design Guide, AFFDL, AFFDL--TRTR--7878--151, 151, 
Air Force Flight Dynamics Laboratory, WrightAir Force Flight Dynamics Laboratory, Wright--
Patterson Air Force Base, OhioPatterson Air Force Base, Ohio
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Reference Material (continued)Reference Material (continued)

U.S. Air Force Reports (especially from the old U.S. Air Force Reports (especially from the old 
AFFDRC at Wright Field).AFFDRC at Wright Field).
AIAA Aerodynamic Decelerator Systems Technology AIAA Aerodynamic Decelerator Systems Technology 
Conference Proceedings and Seminar Lecture Notes Conference Proceedings and Seminar Lecture Notes 
(Nos. 1(Nos. 1--14).14).
University of Minnesota Parachute Systems University of Minnesota Parachute Systems 
Technology Short Courses.Technology Short Courses.
Survival and Flight Equipment (SAFE) Symposia.Survival and Flight Equipment (SAFE) Symposia.
Parachute Industry Association (PIA) Symposia.Parachute Industry Association (PIA) Symposia.
D. D. PoynterPoynter, , ““The Parachute Manual, Vols. I & II,The Parachute Manual, Vols. I & II,””
ParaPara--Publishing, P.O. Box 4232, Santa Barbara, CA  Publishing, P.O. Box 4232, Santa Barbara, CA  
9134091340--4232.4232.


